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TNTRODUCTION

Rapid deployment of military hardware such au airtillery base plaA,.,
communication trr.¢ers, and a wide variety of strutcture:; recuires the e-
vision for expedient anchorage. This provision is ofter, difficult, if
nnt nearly imnossible, for troops to achieve when oreratina over f:'-n
ground ,nd has made necessary the investigation of n.merous devices whi
would be 7,tpable of driving anchors into 4 wide range of soil t.,moes
eluding frozen ground.

In thr early 1960's, considerable effort was made to evaluate cor-
tois 1-nd to develop new concepts for the driving into, and retrieval of
anchrs fr!r,, frozen and unfrozen ground. Studies were conducted by, or
per ormed uender contract to, such U.S. rmy agencies as Rock Island Arsenal4 ,

Nntick LaborLtories , Frn ford Arsenal , and the Electronics Research and
Develonment Laboratory ' ' . In the late 196 0's, additional work was
undertaken by the U.S. Army Engineer Waterways Experiment Station aMa
tory evaluation of a resonant stake driver concept was funded by "t:.
i.boratorics". Overall, the drivers considered ranged from the sim-nle no -he
,X×osic, as seen from the following list:

i. Sledge harmers

Impact hammers

a . ga-oline drivers

b. diesel powered
c. pneumatic
d. electric

. . pronelrnt actuated

3. Ahiger s

a. hand turned
b . gasoline driven

C. pneumatic
d. electric

e. rocket propelled

, , .esonant drivers

ecoent.r> weight c. Iuilator

."yd raul i iston actuat.or

.leot rov~.i cous fluid at.-tuntor
c. mwnnt. i fluid actuator
t . piceoleotric exoiter

electrostatic exciter
7. elctromagnectit exciter

i. manelosTrictive exciter

7 -i7n-ii n - i.



In addition to the above' the shaped charge was evaluated for Dro-
ducIng in frozen ground holes in which stakes could be inserted or easily
driven. The vacuum plate concept, adhesive bonding, and heated stake
kfor thawing frozen ground) were mentioned by some investigators but not
seriously considered.

None of the concepts studied have, to date, become line items
except for the sledge which, although long a tool of the militar:°,
has proved to be inadequate for driing anchors in frozen ground.

In 1969, CREEL initiated a study titled, "Military Achorages in
Frozen Materials." It quickly became apparent that sustained interest
by user agencies still existed as evidenced by continuing recuests for
information on methods for driving anchors in frozen ground. It was
decided to make another attempt to fill this need with a man-portable
tool. From a reviewof the findings of the previous studies, it was
decided to test newer, more powerful versions of commercial eauipment
oreviously evaluated and re.ected to determine if these improved tools
could satisfactorily drive the military GP-112/G and GP-113/G stakes and
the 3, 4, 6 and 8-in. arrowhead anchor into frozen ground. In addition,
it was decided to try the MXG321( .)/G (Ballistic Hammer) developed for
the Electronics Research and Development Laboratory as this device aneared
tn be earable, not only of driving, but even more importantly, of retrievinc
7-11.2/G.stakes from frozen g.round. The findings of a literature survey

by tne i.'ives-ig ators -so indicated that a high-frequency hydraulic
Piston-actuateQd stake dr.er-retriever would have a very high chance Df"

success. A contract wa,; therefore let covering the development of a
first,7enrit ion, hydraulic stake driver-retriever.

Tn~ renort covers the ability or the Ballistic Hammer, several

c. nm rci1 breaker-rock drills, and the first-generation hydraulic sta'.e
or v~re' ever to drive anchors into frozen and unfrozen ;.round. Tne

t 5cls evalu ted mat be2 classed as imract drivers. They df 'fter from one
mnrFer nh wy ther velocity is developed. The h -drauio_ stake

ri v' r-r triever's ra, i: oscillated by hydraulic pressure. The sel:-
1110.o.n6i ,2 iner;nial-combustion-engine breaker-rock drills and t".e elec-.
mnk br,- kt,. develop blow energy from the velocit,, of a floating r:rn
ro-nlle! by. hn internal piston. The 2a.llintic Fatnrer's ran i" ac cc-

-t ,rom tht' ignition of nowder in a 30-caliber grehade launcher
rar t.c,,e blan.

BALLISTIC HAMER

Bh' M.Y2 U] i .)./(] Ballistic Hnromer was dveoe.,d e de 1non, o
, Army Loct,ronic-s Research and Development ,,,,,,, '... now th,',



U.S. Army Electronics Command, by Aircraft Armaments Inc.7' 8, 9 An
assembly drawing of the hammer is shown in Figure 1. The upper body of
the hammer incorporates a standard military 30-caliber carbine action
without the stock and the majority of the barrel. In the Ballistic
Hammer, high pressure gas, resulting from the firing of grenade launcher
cartridge blanks, propels the h-lb hammer to a velocity v of 116 ft/sec
against the head of a stake. The corresponding kinetic energy K per
blow is:

K = 1/2 mV
2

= 0.5 (h/32.2)116
2

= 835 ft-lb

where: m = hammer mass.

Repetitive dynamic loadings are achieved by successive firings

until the stake has been fully driven or the cartridge clip has been
emntied. Extracting a stake requires a retriever adapter, which must be
locked onto both the stake head and the base of the driver. Figure 2
shows several views of the Ballistic Eammer as it is used to drive and
retrieve GP-112/G and GP-113/G stakes (Fig..3, h). Note the adapter
used during stake retrieval and the awkward position the operator must
assume during its use as shown in Figure 2b. A closeup of the hammer on
tor of a partially driven GP-112/0 stake is shown in Figure 5.

The Ballistic Hammer was first tried in unfrozen silt behind the.
CPPEL facility in Hanover, New Hamnshire on 10 December 1969. The silt

3
had an average bulk density of 110 lb/ft and a moisture content of 22%.

The hammer wasused to drive the GP-113/G stake vertically, as
illustrated in Figure 2a. Four stakes were driven, each to a depth of
3 ft. The average driving time was 3 min. An average of 6 clips or 90
rounds OP blank cartridges was used to drive each stake. Jamming of
-spent cartridges occurred approximately twice during the driving of
each stake. Had this not occurred, it is believed that the stakes could
have been driven in about 2-1/2 min.

The st.akes were extracted with the Ballistic Hammer in an average
of.1 min40 sec.using an average of 50 rounds. While the driving of
each stake was relatively effortless, the retrieval of the stakes was
very. fatiguing becaust the' driver had to be held against the stake lip
by the operator during the exercise. This undesirable asnect, together
with the dynamic forces transferred to the operator and the large number
of b]ans needed to both drivP and retrieve GP-113/G stakes from unfrozen
ground, resulted in a lack of enthusiasm for the tool. However, one aspect
found valunble was-the hammer's ability to extract the CP-113/G stakes. The
stakes could not be removed i<ith n sledge hammer tlamming against the side
of the stake as is often the practice of troops in the field,

3
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(a) -- V (b).

((c'

a. Emplace Stike GP- I 1C,/

b. Retrieve Stake (GP- I1I3/0

c . EmplIace Stake G P-1I1I/G

d. Retrieve Stakc (;P- 1 121C

e. Emplace Stake GP-l 1 1 G at
approximately 30"

FIGURE 2. Typical employment modes for the Ballistic Hammer



FIGURE 3. GP-112/G ground stake

FIGURE 4. GP-113/G ground stake
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FIGURE 5. Ballistic Hammer set for driving on top of a GP-112/G stake

In April 1970, tihe hammer was field-tested in Fairbanks, Alaska. The
hamme was used to drive GP-12/G stakes into -9'C silt (bulk density 88
lb/ft , dry density 60 lb/ft and moisture content h7%). When the stake
reached a denth of 9 in., the hammer when fired would simply bounce off

the stakehead, imparting painful forces on the operator without any
additional stake penetration occurring. Reaching this depth took 2-1/2
min of driving time and the. expenditure of 55 rounds. As a comparison,

the same size stake was driven its full 11-in. embedment depth in less

than I min. using an 8-lb sledgehammer.

In short, because of its inability to drive the nP-112/G stake more
than 9 in., the fatiguing forces placed on the operator, and the large
logistic propellant requirements, the Ballistic Hammer is not recommended
for further consideration as a stake driver in frozen ground. However,
for a stake retriever, the pronellant extraction principle seems worth
pursuing. "The stakes driven by the Ballistic Hammer and the 8-lb sledge
could not be broken loose and removed after 5 min of abusive lateral impact
from the 8-1b. sledge. The Ballistic Hammer, however, was capable of re-
moving a GP-112/G stake., embedded 11 in. in the frozen silt, in 9 sec, usinkF
eleven 30-caliber carbine blanks. Where stakes embedded in frozen ground
must- be ranidly removed from artillery base plates, to allow quick rede-
ployment, a lightweight propellant-actuated device should be considered.
First generati6n progellant-actuated stake retriever 8are been fabricated
by Frankford Arsenal and by Aircraft Armaments Inc. ' ' Further work In
this area could lead to a. P-112/0 frozen-ground stake extractor veighing
about 10 lb.

7



GASOLINE-DRIVEN PAVEMENT BREAKERS

Gasoline-driven pavement breakers are self-contained 2-cycle internal-
combustion-engine machines, which typically weigh between 29 and 65 lb.
Built of lightweight, high-strength materials, they are manually portable
and are now used worldwide for such tasks as performing demolition work,
exploring soil, compacting soil and ballast, driving small piles, and
breaking frozen ground. Many of the machines now come with a switch-over

lever which permits the unit to be quickly changed from an impact-breaking
mode of operation to an impact-rotation mode for rock drilling. The tools

can be typically operated at 45' above the horizontal.

Pionjar BR-80

The first machine tried was the Swedish-built Pionjar BR-80. A cut-
away view of the tool is shown in Figure 6. By studying this drawing one
can quickly grasp the overall assembxly and mechanical operation of the
tool. The unit has a dry-weight of 62 lb and is rated at 26.9 ft-lb per
blow maximum.

This machine was demonstrated at CRREL on 19 Nov 1969. It was first
,used to drive 1-3/4-in.-diam GP-113/G stakes into unfrozen Hanover silt to
a depth of 2-1/2 ft. Driving time varied from 60 to 70 sec.

At the sam location a GP-113/G stake was driven with an 8-lb sledge
to the same depth. The stake was driven by an experienced man in 2 min
20 sec at a constant rate of 1 blow each 1.5 sec. A total of 93 blows were
required. At the end of the sledge driving test, the head of the stake
was found to be deformed, whereas the stake driven with the Pionjar hammer
was undamaged. While driving the CP-113/G stake with the sledgehammer took

,only twice as long as it did with the Pionjar, it was quite obvious that
tbe sledg6hammer operator was tired and could not be expected to repeat the
performance without a rest. The Pionjar could be exnected to undertake
renetitive stake driving without delay. It should also be pointed out that
an inexperienced-man could not be expected to wield the sledge as fast as
an experienced one and therefore could not drive the GP-113/G stake as
quickly.

Once driven, the stakes could not be loosened for removal by hitting
them on their sides" with the 8-lb sledge. A pick and shovel were required
to remove the-earth around each stake in order to free it. This points out
that while stakes can often be driven into hard ground with a sledgehammer
or by q mechanical device in a short time, the task of removing them is not
as easy.
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The Pionlar BR-80 was used next to drive GP-II/G and GP-113/G
stakes into Manchester silt (bulk density 113 lb/ft , water content 16%,
fro:;en to 200F). The GP-112/G stakes were driven 12 in. in 10 to 15
sec. During this driving, the soil around the stakes was thawed as a
result of friction develoned between the soil and the dynamically loaded
stake. The thawed soil was gradually forced up to the surface as the
stake was driven forward to occupy the space left by the displaced soil.
When the soil refroze around the stakes, they became firmly locked into
the soil and could only be removed by thawing of the soil.

The Pionjar BR-80 was also used to drive GP-112/G stakss into

containers of saturated Ottawa sand (bulk density 123 lb/ft.) frozen
at -20'F. Samples of saturated Ottawa sand were selected for the test
because it was believed that if GP-112/G stakes could be dri.ven into
this highly resistant material at -200F, they could be driven into
virtually all frozen nonrocky soils that troops might encounter in the
field. The stakes were driven in less than 1 min. Again, thawed material
oozed up along the stake onto the surface while the stake was being
driven.

Another anchor driving performed with the Pionjar BR-80 was as
follows. At CFREL, l-5/8-in.-OD, li8-in.-wall open-end pipe was driven
through a layer of 1-in. crushed stone fill (I to 4 ft thick), then
throught ft of frozen silt into unfrozen silt. Pile lengths varied
from 3 to 7 ft.depending upon the depth of crushed stone to be penetrated
to allow=2 ft of pipe embedment in the silt. The pipes were used to

provide lateral stability'to a hx6-in. timber sill upon which a large
portable ATCO steel building was erected. Most of the pipe anchors were
driven without difficulty in less than 2 min. Some pipes, however,
encountered a rock or other obstacle which increased driving time two to
three times and on occasion required a second or third man's weight
Pulling down on the Pion.jar hammer.

Several 3/h-in.-dinmn, h-'ft-lonj, reinforcing bars were also driven
through the ~taerial described above. In each case, the bar was easily
driven in about .min.

Also, at the CPREL site, 6-in-wide arrowhead anchors were vertically
driven Into tho frozen silt. A sketch showing the general configuration
of these anchors and how they are normally installed and often used is
prpesented in Figure 7. The anchors quickly penetrated the stone fill but
slowed abruptly when contact was made with the frozen silt. Tn fact, 5
min or hard driving was often. necessary to drive these atnchors to a depth
or 18 in. Into the fro-en silt. Bf-eause of anchor cable limitations, the
anchors were not driven through the frozen layer. As a result, when the
anchors were reoaded the frozen snil would not allow them to turn to a
)iorlzonta'l plane a required. Instead, the anchors sImply rlid unward in

10



the soil cavity formed during their penetration. Therefore, these
anchors could not be Preloaded to fully utilize their holding capacity
unit the soil thawed in the spring.

I .

FIGURE 7. The arrowhead anchor

The tests using the Pionlar BR-80 as a rock drill were minimal. Tt
was found that the tool could drill a 1-l/h-in.-diar. hole in Parre rranite
at the rate of 6 in./min. The unit was found unsuitable "or Jrillini- holes

in frozen ground because the soil at the tip of the drill rod would turn to
mud and could not be blown out of the hole by the air leavin- the tip of the
drill rod.

The Pionjar BR-80 has the capability of' irillinf holes in rock and
this is important to the military. Troops ran Jri e stakes in harl cround
with these tools and can drill holes in ledge for the insertion of stakes
or rock bolts to tie down artillery base plates, towerL, etc.

The last anchor dr~vinr trials using the Pion.ar were made in 25"F silt
(bulk density 110 lb/ft ) at a rairbanks, Alaska, test site. Both Pipe and
arrowhead anchors were driven. nne pipe tve was a !1 -in.-wall, 2-in.-diar.
casing open on each end; the second Pipe tNTe was a l-l/2-in.-diam.
open-end electrical conduit. "he 2-in.-dian. pipe was consistently driven
to a depth of 3 ft in approximately 5 min, while the ]-l/2-in.-dian. conduit
was driven 7 ft at a rate of 1 ft/min.

Three-, four-, six- and eight-in.-wlde arrowhead anchors were driven

to a depth of 2 ft In average times of 0.75, 1.05, 1. and 3.9 min respec-
tively. It took 3 min to drive a (-in. arrowhead anchor to a depth of 3 ft.
It is clear from these elapsed times that a considerable anount of energy
was expended in driving these anchors. The energy may be calculated as
follows: the engine runs at 2500 rpm, which is also the internal hapmer

11



blow rate. The tool is rated at a maximum of 26.9 ft-lb/blow. In 1 mil
the tool can put out a maximum of 67,250 ft-lb of energy under hard
driving conditions. To drive the 3-, 4-, 6- and 8 -in. arrowhead stakes
to a depth of 2 ft may have taken resnectively 50,400, 70,600, 94,200
and 2-2,300 ft-lb of energy. However, these values are undoubtably

high when energy losses are taken into consideration. The actual values
may be as much as 50 less. These values clearly show that a large ex-

nenditure of energy is necessary to drive arrowhead anchors in frozen
ground and held to explain why troops find the driving of stakes in

frozen ground with sledge hamners both difficult and very tiring.

Atlas Copco Cobra

The Cobra is another 5wedish-made breaker-rock drill. It weighs 5f'

lb, or 6 lb less than the Pionjar BR-80, and is more compact; however, it
does produce several foot-Dounds less imnact energy. A cutaway view of

this tool is shown in Figure 8.

The Cobra tried was not operating well on the *av it, was used. Never-
theless, it is fair to say that the tool was not carable of matching the
Pion.jar blov for blow in driving GP-112/O stakes into saturated Ottawa

sand (bulk density 123 b/ft ) frozen at -5°F or saturated Manchester silt
(bulk density 116 lb/ft-) frozen at 250 1. Indeed, this would not be exr.cted
because, as pointed out above, the Cobra is a lighter, less powerful tool
than the Pionjar.

The Cobra was able to drive GF-ll2/Q stakes into the frozen Ottawa
sani in about 1 min and into the frozen Manchester silt in under 20 sec.
Thes, rates are considered quite acceptable.

Maruzen Mini-75

The 4a-.zen "ini-75 is made in Japan and is the iightest breaker-r-'k
drill tried. The unit has a dry weight n' 29 lb and can be orerated at any
angle. A cutaway view of this tool is nresented in Figure 9. The Mini-"5
was used at CRREL to drive GF-12/q stakes into saturated silt and nttawa
sand frozen at 150 F. The tool was found very ineffective in driving there
stakes. As a result, the Mini-75 is not recommended for driving military

stakes in frozen ground.

Maruzen aln, makes the Maxl V,-IO, -. larger ( ,_) unit which v--
not tried. However, judginf from th specifications on this unit one 2::'u
exnect that its performan'e would nlace it. in the sane capability class as
the Poinjar and the Cobra.



I. Fuel tank of light alloy

2. Motor-compressor piston designed for doub e
action.

3. Suction valve (right) and delivery valve (left)
of the built-in compressor.

4. Torsion bar imparts rotary movement from the
crankshaft to the drill steel.

5. Impact piston moves freely in the cylinder.

6. Selector handle for changeover to drilling,
breaking or idling. Amok

7. Pawl feed.

8. Spark plug. The spark plug cover seals per-
fectly to prevent escape of cooling air.

9. Turbo type fan forces cooling air to all vital
points.

10. Floatless carburettor ensures foolproof run-
ning - even at 45' above the horizontal.

II. Top-mounted throttle control gives full power . : -

in working position; returns to idling auto-
matically when hand pressure is released

12. Recoil starter.

13. Air filter ensures clean air to both engine and
compressor.

(Manufacturer, Atlas (opco, Inc., Hackensack, N..I.
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Wacker BHF30

The Wacker BHF30 is an American-made tool weighing 65 lb. It i
reDcrted to be the most powerfil tool on the market at a maximum, enery
outrut of 30 ft-lb/blow. However, its blow rate is only 1350/rain, or
nearly one half that of the Pionjar, Cobra or '4axim ML-100. There is
no r'eason to believe that this unit cannot drive, for examnle, the IF-
112/G stake in the same soils as did the Pionjar or the Cobra. The only
exrectation !7 tiet the driving may take slightly longer, again because
less energy is being delivered per unit time. The unit is shown in
Figure 10.

ELECTRIC DEMOLITION HAMMER

The Power Sledge Electric Breaker (No. 5026) is manufacture4 by,
Rlaek and Decker. It weiohs 63 lb, runs on 120-V current, and rrodr-i --s
60 ft-lb/blow at 610 blows/min. A nhotogranh and breakaway view of the
tool are shown in Figure 11.

Time did not permit an evaluation of the ability of this tool to
drive 1P-112/1 stakes into frozen soil. The tool was used to drive anlv
the 1-1/8-in. chisel-point shank shown in Figure 11 into Hanover silt
(bulk density 114 ]b/ft ) frozen at -0.50C in less than 15 sec. Th's
driving was performed only to verify that the tool was oneratinal w'hen
received in -he the sprin of 1973. Further testinF. is neekd; however,
from the limited use of the tool, it is believed that it will be more
than capable of repeatedly driving P-112/M stakes into hard frozen
around.

HYDRAULIC STAKE DRIVER-RETRIEVER

During this review of the various methods that have been tried .:r
could be used to drive stakes into frozen ground, it became apraren* that
more than Just a stake driver was needed. Indeed, it was learned that,
although troops could often drive stakes into hard or frozen grouni (wilh
considerable effort), they could not extract them. From Mr. Lione of thk
Mechanical Structures Branch at the U.S. Army Electronics Co-mand, it wa:
learned that Signal :orDs troops are often unable to retrieve ruy ztikes
from hard or frozen ,round. Thus, when troops are forces to nbanimn ne
site for another, they are at times unable to set ur their o= uni -at ;.n
tow rs at the new si';e because they w.--e unable to retrieve the: r 'wy

stakes at the first site. "his prol, - also places an additional burden
unoprn the support sy7s'em that must bririj. a new supply of stakes tc -he
front lino.

]r.4



UTILITY BREAKER

MODEL

0 Medium Duty Breaker

* 55 # Air Equivalent
* Breaks up to 8"

of Concrete
@ 30 ft. Ibs./blow
* Steel Cased

Percussion System
* Shock Mounted

Operator Handle

I)hP ~. Tho Waoker Tiv-F,3C breaker-rock drill

(Manfacturer, Wacker Corpn., Milwaiukeo, Wi-1,.-*.
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A similar problem exists when 105-mm and XM102 howitzer base plates
are staked to frozen ground. Here, the driving of the stakes has been
found very difficult, but the retrieval has often been impossible on
short notice. As a result, the base plates have had to be left behind
when the howitzers were moved. This restricts the ability of the militar:,
to redeploy this equipment rapidly if new base plates and stakes are not
in immediate supply.

s a result of these findings, it was decided in 1970 not only to
try commerrcial tools for driving stakes into frozen ground, but to explore

the possibility of developing a lightweight hydraulic stake driver-retriever.
It was also envisioned that such a tool could be used to punch holes in
frozen ground for inserting a wide assortment of military devices as well
as for obtaining cores from frozen and unfrozen ground and submarine soils.

Funding limitations precluded a major design and development prorran.

Therefore, our specifications to industry were minimal in order to allow
the flexibility in design which each firm might find necessary to achieve
the overall objective. The statement of work to industry was as follows:

"Provide labor, materials and engineering for the design, fabrication
and field test of a hand-held, hydraulically-operated stake driver-retriever
as per the following specifications.

"The tool shall consist of a hydraulic vibrator with appropriate
mandrel to accommodate both rigid and loose (1/32-in. play between stake
and mandrel) attachment of a standard Military GP-112/G ground stake and
shall include a portable hydraulic power supply driven by an internal-
combustion engine. The hydraulic vibrator shall be a hand-held unit not
weighing over 80 lb. The power supply shall not exceed 100 lb in weight.

"The frequency range of the vibrator shall be variable up to 300 Hz
and have a dynamic load range from 500 to 3000 lb. Operation of the tool
shall be controlled at the handles and the controls shall include an on-off
lever and a frequency-range selector. The handle shall be isolated from
vibration to avoid operator discomfort. The overall system shall be com-
pletely operable over the temperature range of -40 to +300 C. The vibrator
shall be capable of underwater (salt or fresh) operation to a depth of 300
ft and to an altitude of 10,000 ft above sea level. The vibrator shall be
sealed for operation under severe wind, rain, mud and dust conditions. The
hydraulic lines shall be functional and flexible at - 1T°C, have quick dis-
connect couplings and be 25 ft in length.

"Prior to the accentance c the system, the hydraulic tool shaMl be
tested and evaluated predicated upon stake driving trials held at the
manufacture's facilities. The trials shall be witnessed by A. Kovacs of
USACPRET, and shall demonstrate the unit's capability of drivin- the IP-
112/q -;take 12 in. into saturated ASTMC-109 Ottawa sand at -i0"C an,i nto



80 to 900 saturated silt at -100 and -2)°C. Driving time for each stake
shall not exceed 45 sec.

"Once driven, the stakes shall be allowed to "freeze back" for 15 to
2n min. Thr- tool must then be capable of extracting each stake in 30 see
or less. The hydraulic system shall also be cold soaked at -400C in a
cold box and then started to verify its operational capability at this
temperature.

"Unon successful completion of test and evaluation, the tool will be
accepted and used by USACRREL for further feasibility studies aid evaluation."

Clarification discussions were held with Potential contractors, and in
November 1971 a contract was given to the Team Corporation for the design
and fabrication of a first-generation hydraulic stake driver-retriever
system. What may be considered a breadboard model of the first generation
tool is shown in Figure 12. This tool weighed approximately 65 lb and was
used to evaluate the unique valving system for activating and controlling
the frequency of the floating piston-ram. This model was also used to deter-
mine if the force output of the tool was adequate for driving GP-112/G stake,:
in Lc see' into saturated ASTMC-109 Ottawa sand frozen to -200 C. A view of
this driving is shown in Figure 13. Note that the thawed sand-water slurry
was displaced by the stake during driving.

The breadboard model tests revealed that certain deficiencies existed
in the tool's valving motor and that the tool's driving force needed to te
increased if the GP-112/G stake was to be driven within the time frame
specified by the contract. As a result of lessons learned from the brea%-
board model, the Team Corporation decided'to make a number of changes whi-:.
resulted in a lighter, more powerful tool. To achieve these advantages, i*
was necessary to reduce the frequency range of the tool from 20 to 350 7
to 20 to 300 Hz and increase the 04ston-ram weight. The piston-ran velocity.
however, remained high. This guaranteed that a high energy per blow (maxi-r
velocity) would be maintained at the highest possible frequency rate.

A outaway view of the first-generation Hydraulic -take Driver-Rstri. \x,
(}{SD-R TT) is shown in Figure 14. The body of the driver is anrroxinrtl.:
14 in. lon and 5 in. square nnd has a wet weight of 47.5 lb. A Trirtinfg
,rind filtering manifold is shown atta-*ed to one side. Details of the wvw
shaft are not shown as this unique s.y-t.em is quasi-proprietary to the -fC"
Corporation.

The H,7D-R TI works on the princinle of alternating pressure and fc-w.
The flow out of the valve js constant because of the unique rotary valving.
When the valve rotates, the pressurized hydraulic fluid operates alterna'ely,
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20 Left Handle 40 Bal Seal
19 Right Handle 39 Teflon "0" Ring
18 Roll Pin 38 Straight Thd. Long Connectors
17 Lever Bracket 37 Rod Wirer
16 Lever 36 Front Piston Seal
15 Cartridge Rod 35 Rear Piston Seal
14 Cartridge Valve 34 Bal Seals
13 Dragon Valve 33
12 Idler Gear 32
11 Driving Gear 31
10 Motor Plugs 30
9 Piston 29
8 Valve Shaft 28
7 Center Plate 27 Parker "0" Ring
6 Motor Plate (Bottom) 26 Set Screws
5 Motor Plate (top) 25 ESNA Nuts
4 Manifold 24 Studs
3 Top Plate 23 Handle Cap
2 Upper Housing 22 Knob Bushing
1 Lower Housing 21 Valve Adj. Knob

FIGURE 14. Cutaway view of the Hydraulic Stake Driver-Retriever II.
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(m )vie io thc.n on the cthr" --ideo of' a oi t tm
SL;tt d rif re Tni.:- iri ;'"'Ornplinshea throug-h the .;j ol.tP-i

rt-(ating val,.ve shaft alternatel)y all.-nini with t~he control portfs on L-:.,
side C", thc piston. Since the area the valve sloto, i:; t'jxe , t'n,,

fow Per unit tine remains constant. Itt' the velocity oi' tevlez;f
1,3 incroaied, the slots spend less time ,,'!Agnecd with Ih il.- ontrol. nor-..z.
Recai s. more slots are passingbe unit time, the ave-.raj7e flr,w to the f jitn

2emins conntant. The decreasc Ln alignment time,ho veoerOu'
th.e !:olume of fluid necess:ary t,.o zachieve maximumua-t-ek ia.n~t
Thus,* as- fre- quency 'nra ys ti-ic double anplitude o:' th? ni-ston-ran.
creas;_. The frequency of 'the piston-ram is adjus ted by a thrumboscrew on
thc- handle at' the harrier. The advantage of this corntrol i.*s that-. durii...
stak:e driving- or retrieval -,he frequency can be .2han-ed to sutexactI.,

the best tool response f.or the particular soil conditions.

Or i -in ally, it was planned to have the stake rigidly atahsto e
ni ston. Tt is obviously impoortant -,or this coupled mode of o-reratlior
thne weight of the accelerated parts, i.e., the piston (3.2 1b), adamte:-r
,41. 11ib, that part which,- is threaded onto the bane of the .:istcn and z
w!,4 ci t -he -stake is attach~d, and the stake ( 3 lb) be '1ept a s I ow a s

', isl relative: to the reactive mass, i.e. , the body cf the drivar. 7or
t, TI., th rtoof the accelerated to reactive parts is nnrxm

1 tc, 5, which was considered acceptable. Th e reactive force- -Ls increased c
"In t.r-s~ow-. a~nint bhy the bibis force napried by the oncerator. thrfcr

ovrill force aivailaole a ._)drive a stake in the cows-led !sCoE' irxludeS '~
bi:as weig7ht apni."ied by tu: operator, the weight of the t.ool, arid th-
Lnrre prod uced bythe rn.

Th",e reasonn 'or dr' vir,' w' th a rigcid piston-stake counling was predi--z-.
ircon -the blliet' that ni~n-frequency axKial excitation of the stake would r

i~~u~e. viiu ~' on 2w'othe ntakc! and the soil by keigthe soil-
a Ofsi-'lud22ed ;tato. This would enhance energ kse o h tk

nWheort the Qenergy isneesary to displace t11he soil. IT- was also kn:,7,

t.t. i:onvont ioral ibtoypile d:civer,1 (pilus, arte rti,,idly fixed, toth
%,(,r) 7n:)(, at- tneir btst in graniular materials and that, by frequen~cy st.
Stt auirdr-ivin,- rates. are possible. Even in the stiffest clay, -ood

dr'ivnv rsult stppossi,4ble il" the driver is o-.teratea at-,, eueo bs
suited for ',hat particular site. Therefore, by direct counling, ttfzigtc'

*hability to vavy the :h'equenc!4V the invcs-ti :ator:;, honed to loc, i-to
5tii o oi~-taeexoitation, re.sulting in the_ ig-hest rtossible z5ta,,. -

t;*i. : :'~'-.an -sil cornditirn e'.-.oountored. Ao c 'aa: : 'u

at111 r: : h . :&tte *to wal. itlut.daa to t.1e .nk~ ea",
C, ~ ~ ~ ~ ~ ~ ~ - rWK!( hic h diig dt eue the noise associa~ted wth zil.'~
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drivinjr ti wa:: far above th at npoeified by the contract, i.e., 12-in.

ri.bedrent in 45 :see or less. This may be exnlained by the Pact that in
resonant pile driving the double amplitude or the pile tip olays a very
important role. All other factors being equal, the double amplitude of

the pile tip riot only controls the rate of penetration, but also whether

or not penetration will occur at all. If thes6 findings are applicable
to HSD-R II rigid coupled stake driving, for satisfactory penetration

rates it is necessary that the stake double-tip amplitude be at least
0.15 in. and perferably higher than 0.20 in. As will be shown later,
this amplitude was not achieved at frequencies above 100 Hz, i.e., at
the higher frequencies where it was anticipated higher penetration rates
would occur as a result of more energy output per unit time.

Poor driving results in the rigid coupled mode may have also occurred
as a result of energy losses between the stake and the ",fluidized" soil.

The driving friction between the stake and soil is n the form of viscous

friction and is on the order of 40 to 95 lb sec/ft for steel against
saturated sand. The units are damping per unit of embedded area. The effect
of this friction is as though the accelerated mass had increased, thus re-

ducing the ratio of the adcelerated parts to the reactive parts. As a
result, more energy is diVerted from doing useful work with the stake to

moving the reactive mass. The effect is also to cause the system to go

out of resonance, d stibject to be covered in greater detail later.

The 1oot'ely coupled mode of operation allows the piston to imoact the

stake head.repetitively at up to 300 Hz, the frequency being easily adjusted

by a thumbscrew on one-handle of the HSD-R I. In the imnact mode, the r=.

hs agiven enery:- available for transfer to the stake. This energy i is o'
coursea flnctin of piston velocity V and weight W and may be determined by
E = V-/2g where g is the gravitational acceleration. The total amount of
enery,- available is not necessarily transferred to the stake and certainly

not to the tib where work must be done to displace the soil. This is due to

a loss of energy occurring during energr transfer from the piston to the

" "sake head- as a result of imnerfect contact and friction in the coupling

head and to the friction developed along the stake/soil interface. Therefor-_.
the force 'avalable to drive the stake is a direct function of the overall
dynamic response of the driver-stake-soil system. While no effort was -made

trd ,eterm.ine the through force to the stake tip, the force produced at one

lev,-i -of no load bench ooeration was determined and the results were corpare'e.
"W'ith those of th.e manufacturer. This evaluation is oresented in a followin
.sect. ion.

The hydraulic power supply for the HSD-R 1I is shown in Figures 15 an
1 . It has a wet weight of 99 lb without the muffler, which is not shown.
The frame, oi± tank, and gas tank are all fabricated out of alu-inn, ,t::.
hard coat anodized. The gas tank is mounted above the reservoir tank for th,

24



*qvA.

FIGURE 15. Hlydrauilic power supply f or the Hyvdraulic Stake Priver-Rctr ievtr 11.
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hydraulic oil. The reservoir tank is ported to the hollow framewor?. This
extra porting adds to the total oil volume and can provide appreciable extra
cooling when the device is set upon ice or frozen ground. Return ci first
flows through the lower framework and then back into the reservoir tink
where an internally mounted pump again moves it along at up to 2500 rsi and
8 gal/min to the HSD-R IT.

The hydraulic unit is designed for an intermittent stake drivin- an,1
retrieval duty cycle and cannot, without the addition of a heat exchaner,
be used for continuous duty operation at temperatures above 30°F.

The maor problem with the power supply has been with mufflinr "e
exhaust from the 26-hp internal combustion engine. Several muffler
have been tried without a satisfactory reduction in noise. Other nuf°> :
will be investigated at a later date in an effort to achieve what :
sidered an acceptable noise level.

The HSD-R II was received at CREEL ir March 1973 after it war'
and tested in January at the Team Corporation facilities in Los Ani-'.'. A,
CRREL, the HSD-R II was retested to determine its ability to dr-iv.-
stakes into both saturated Ottawa sa9 d (bulk density 12L lb,'ftb ar ar.-
chester silt (bulk density llh lb/ft ) frozen at -20'C. Oix stak,- werf, driv,.
12 in. into each of the two soil types. The average driving tine waq. 37
in Ottawa sand and h0 sec in Manchester silt. All stakes were rc-'-*,--,,r.
under 30 sec after having been allowed to freeze back for 20) min. 7.;e-:,
driving-retrieving results satisfied the driving requirements of the c>nlract.
Further stake driving tests in various types of frozen ground are leciralle.

In addition to stake driving, the HSD-R TI was used to drive a
in. electrical conduit into in-situ Hanover silt (-0.2c), freshwa'er ice
(-110 C), and lake mud and clay (-2'C). The objective of this driv.nr w F
to determine the feasibility of using the HSD-R IT for corin,7. 'The ?cn:u:*

was rigidly attached to the piston because it was believe] that thi 'n(iie
of operation would be less likely to disturb the soil samnle captureh withir.
the conduit; this has not yet been verified. In the Hanover silt, it was
possible to consistently drive the conduit to a depth of 2 ft in 7 to 8 sec.
The rate in the hard freshwater ice was very rapid, 10 sec/ft. Drivinr in t:.
stiff, overconsolidated clay was slow in comparison, at approximately 3-L
min/ft. The soft lake muds were penetrated to a depth of 7 ft in less than
10 sec.

Samples of the cores obtained from the Hanover silt are shown in
Figure 17. The outer surface of the core was thawed by the heat generated
between the conduit and the soil during drivinr. However, when the -ore
was snapped in two it was found that the disturbed zone around it was about
-/8 in. thick and thnt the center of the samnle was still at the temperature
of the ground from which it was removed. A Droperly designed core barrel
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FIGURE 17. Core samples of frozen Hanover silt. The outer 1/8 in. of
these cores was thawed during driving of the core barrel.

may eliminate much of this melt zone around the soil and improve the

overall quality of the 
core.

To sample the lake muds, the rapidly deteriorating ice cover of a
nearby lake was used as a platform. The drilling operation is shown in
Figure 18. The conduit was vibrated through the ice cover and then into
the muds below. The warm, deteriorated spring lake ice cover offered
very little resistance to penetration. Samples of both the ice and
sediment penetrated are shown in Figure 19. The entire depth of sediment
penetrated was not retrieved when the conduit was vibrated back up out
of the mud. It is believed that suction at the base of the conduit
effectively prevented complete core recovery. A properly designed core
barrel should overcome this difficulty.

The ice samples obtained as a result of our driving tests in the
hard freshwater ice were of poor quality. In general, they consisted of
shattered ice pieces. This was attributed to the fact that freshwater
ice at -11C is quite brittle and easily shattered. It is not difficult
to visualize how the vibrating conduit could have fractured the ice at
the tip of the conduit and, once the ice was captured with the conduit,
how continued tube wall vibration may have caused additional ice shat-
tering. It is believed that much of the shattering experience could
have been eliminated by ising an electrical conduit 3 or more in. in
diameter.
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FIGURE 18. Driving a 10-ft-long, l-I/4-in.-OD electrical conduit through
the lake ice cover into the bottom sediments using the Hydraulic
Stake Driver-Retriever IT.

pNIIEIIII

FIGURE 19. Lake ice and bottom sediment core samples retrieved usinp the

arrangement shown in Figure 18.

29



The stiff clay was the most difficult of the four materials to pene-

trate. Heat generated during the driving thawed the clay, turning it into
a thick, viscous goo which was difficult to vibrate out of the condiit whren
the conduit was removed from the ground. The slow driving exterienced ic
the clay was not unexpected because resonant and vibro pile drivers %tre ,'ten
slowed to unproductive penetration rates in stiff clays and clay silts.
Again, a properly designed core barrel might have improved the quality c'
the core obtained.

During our preliminary driving trials, it became apparent that Lost
stake and conduit penetration was being achieved at what was "sensed" to

be in the range of 125 to 150 Hz. In other words, the HSD-R II was more
efficient at the lower frequencies then at the higher frequencies. To
verify this observation and to learn more about the force and double an-
plitude response of the HSD-R II versus frequency, it was decided to rer-
form a laboratory evaluation of the tool. A statement of the results cof
displacement measurements on the HSD-R IT and an analysis of those results
follows.

Measurement System

Since displacement was the only measurement to be made, a linear
motion potentiometer (LMP) and a linear variable differential transformer
(LVDT) were considered as transducer elements. The LMP was rejected,
since the higher frequencies of operation would have caused overheating
of the resistance element, possibly leading to erroneous reading and
even damage to the TNP; the "whipping action" of the knife edge on the
resistance element at the higher frequencies would have led to an ex-
cessive noise level on the signal output, especially when small displace-
ments were being observed; and the small displacements expected would have
required an LMP with a relatively small stroke range and hence no allowance
to prevent damage from overshoot when the HSD-R II was starting or stopipnt-.

An LVDT has none of these problems and in addition is a more sensitive
system; therefocre, an LVDT with a measurement range of +0.3 in. and a irive
frequency of 2500 Hz was chosen as the primary sensing element.

A static calibration of the LVDT, using a calibrated micrometer nd
a digital voltmeter readout, established that 1.0-V chage in the outpit
of the LVIT corresponded to a change of 81.08 mils on the input and thit
the linearity was well within 1% of full-scale output. Unfortunately, there
was no guarantee that a static calibration could be used for measurements
up tc 3nn Hz. Therefore, it was decided to run a check channel initinl!'v
in orler tl establish that the LVDT was -iring valid measurements at the

higher frequencies. The check channel wan a capacitive sensor (seninr.

change in caparitance as the piston exten!,ion moved in ani out of a metal
collar arnund 4t). This capacitor probe had a much smaller sensitivit' than
the LVDT (0.0 mV for a 1.38-mii displacement), but had a drive frequency of
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S0,001, and theoreforc, a much better fequency reoivonse. Th! er::t:;.:
ni' the capacitive -Probe war, a1 3, c.stribllzhed by ra ctatic calibration.

Tnjtial tests were run, using the sensors described above, r-dua%- ,~
o-cilloscope with 1.0 miiV/cm -ensitivity as a roadout dovice, and th*'e :~
mobile 'en'cine as a driver. These tests established that the? stazicc:-
bration of the LVDT was vralid at frequencies up to at least 320 Hz. 3-I
placement measurements made with the LVDT and Ihe capa-cit-ivke oensiora., t.

within 10,-7 of' each other; however, t.he LVDT was much more sensitive and

therefore was considered to be the more accurate, the capacitive senzor

serving merely to corroborate high-frequency response.

No other cornclusive results were obtained from these tests and te
proved to be generally unsatisfactory since:

1. The hrydrauli 'punn neqted up very quickly, necessitating short
runs with long waiting periods in between.

2. Changing' drive frequency on. the HSD-R II changed the loadinr con-
diin o h dieo,,casn it to change speed with a resultant

chanc-e in onerating presisure.

B 3&h of' 6h bv ondit:ions resulted in extr(elv unstable c
-7no-o traces ,which were difficult to read and nearly innoss ible to n:-o-

o.the -,cobI,-m- noted, a 5-hp DC motor with speed control cru:
I Lsed in. rnace of the internal-combustdon engine as a driver for t,'he
hvd.-a ,)-,=T)m. Although only a 1000-psi linr pres:sure was possile
tn:bu -y:rI itpoe-ob uh more :-table and wa~s therefore usel~: ta!--

the d-.'trtshown in Figure 20Oa. , _oth frequency and amplitude 4~ere -rcn s-c-
-ranhs- of the oscilloscope traces.

Analysis 011 Results

The d- i fferia equation for the -notion of the piston is

21 . -+ ?y = in
d" dt max

where W ~ egtof the piston
g #,ravitational ac celerat4 in, 32.2 ft/-,s(.<
c coefficient nil friction

k =spring7 constant assoointed with the hyd-noulic lluid
yv dis-,lnccnent of the pi-s-ton from a~ cne positkon

FTI = peak force anplied to t he piston, either forwnrd or rvorst

angular volocity of the piston in radiano

t sec.
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FIGURE 20. N.casured data and manufacturer's data fromHSD-R II bench test.
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"'hi 1 fI'forunt ia equation may be iolved in the usual manner by
"inin- .i renc -a! solution and a particular solution (sometimes called

a tr,!n 7ien* and a stcady-state solution). However, in this case only

'teidy-.tate response is of intrest, and theref'ore the solution for

'noe tr-nsient response can be omitted.

7 il.owin(7 th-e usual :,ethcd for solving differential equations of'

h me, the solution is assumed to be of the form:

Y A cos't + B sin wt

wrhere y = disnlacemen. nnlitude
A and B = constants of integration

ee. V = -Aw sin v + Bw cos wt

and Y=-Aw- cos w 2 sin wt.

Subs 'tutincg these values-in the original equation:

A (-Aw co u. -3 : w- si vt) + c(-Aw sin wt + bw cos wt)

+ k(A cos wt + B sin wt) =F sin wt
max

.. -,~4 C Z- ~w ;ln wt - Aw s-n wt + Bcw cos wt

+ n. coz wt + Bk sin wt F sin ;r.
max

- z-1,ay now be soiv rd by eouatin sine and cosine terms to fomu

cw.l ... ''.n whicn ma: be solved i ._ltaneousl.y

k w2
- A- +Bcw +r or k -- )A + cwB O.

:ine t .

- Aw + Bk = F or -ewA + (k - -- w )B =

7 Max 1 max

2-I vin " for A ani T, si ultanecunl,:

-(k - w)A

cw
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(k w w2 ) A
-evA- P = F

cw max

(k - -w2) F•A w - " ' F
ew max

FF wc

A max = max

(k w2  -22 _ (k-W )
cw

W 2 , (k 2W 2F-(k- - ) Fmax wc -(k-- w ')F a max
____ 9a max -ma

22 w 22 22 W w22 2 2 W 2-wc- (k-- ) -vce - (k -- ) w e (k -- w)
g g g

Therefore, the steady-state solufion is:

F: wc (k w 2 FY~)= max . ax

Cos wt sin -t
22 , W 2 22 W 22- - (k-- -vc -(k uW ) k-W (k -- W 2

F (k W 2max k sin wt max
2 2 " W 2 -  2 2 W 22.w c + (k-- j w c + (k--w)g g

Tiis equation may be written in the form:

F (" k W w 2 ) sin wt

Y(t) max - we cos wt

/22 - w + (k -- W ) w c + (k w _2 )

Looking at the expressions inside the brackets, the algebraic terms can be
represented as side's of a tight triangle as follows:

VC

(k -w_ 1
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Utilizing this triangle, Y(t) may now be written as:

F

Y(t) max (sin vst cos cos vt sin €)

Tk - -W2)

ard by taking advantage of the trigonometric identity: sin (z y)

sin x con y - cos x sin y

F

Y(t) = 11× sin (wt )

2 22

2 2  W 2 2
wc 2 + (k - -w

Since Y(t) has been measured (resulting in the lower curve of Fi.
e) , theequat-i o may be used to determine the force aTmiied to

niston as a:funct on of frequency f (ince w = 2if). However,
:cr k, W-and c nust be establinhed. The value of k is avaiable ".ro.
the manufacturer c' "ne hydraulic fluid (26,8o00 lb/ft), the wei -ht
te rTistor i;,. avn.ilable from.the manufacturer (3.2 1b), with 5.8 lb 'ziel
t, -ake a t ,t-l of 9 lb for the measured data shown in Figure 20a. T
value ®Jf a ,,e o'eff'icient of friction plus other energr losses re ate,

:o vclocityj is not directly obtainable.

A value for c may be determined as follows:

sDi-s.acement data are av- i]able from P'igure 20a as a functiCn cf

:requency and for each point the:,' may be written in the form

, "d(t) =Y sin wt

.. r . "ne ,  to Peakwhiert- -Y T" = 2

and w = 27'.

4n,Ce the :erivnt;ive of displacement, vs time is velocity:

-i (Y t-in w )
= *nx v c~ t,



I', V I 'L ' it .a ny l' equ, ll irL ' , w 11r1,2 Itht, d s.;-) I Iptcr. l'. it,. M, wonv r , i "
Ih,' ,i :qp LOe n t L i ri root. mo, Ln !;I Sr, ( i s) rt, th(en w 1, 1L wT l, 1 W

rm:o v,,Io o iry 1nk root/second. A plot tm, r-., veloity versu: frequ,:ncy in
:-:ht-,wn in Ficture 20b. The curve shows a maximum or re:sonant eonditioln at
a seific freouency (5 Hz for curve of measured data and 75 1"z 'or
vurve of manufacturer's data).

2. Ruation i may be di"f-erntiated with respect to time in order
to obtair :L velocity ecuation. This velocity eauation may then be
dlffcrentirnted with respect to w, and set equal to zero in order to
determine at what frequency the maximum velocity will occur. BT,,' ince
the frequericy * already known, (Fifg. 20b), this equation may be used to
solve for c, the coefficient of friction, plus other velocity-related
losses.

Proceedings with the differentiation of the disPlacement equation:

Y s 1 n wt . sin (wt -

-W 22
w)c-" +,(k -W

d(Y sin wt) 1W
velocity max max C0s (%,-

dt-. 22w2,_2 + _w- 2

M,, s'r m 5 v e lo c i t yv = v =_ _ _ _ _ _ _ _ __s_

_i2c 2 . + W 2 2
w - 8

Look r;-h- at thi" equa.tion, the velocity will be maximum when the ,nolntzor
4s -1oiriMm. Th denominator will be minimum when the term. under the radica:

.&iimur. his r- ihimum will occur at the frequency where the dcrivat4-fe
of the exnression, with resect to w it set equal to zero. Therefore,

0'+ 4 -Fw +

dw

2 W._

- 2 w- 1  - + -
-i •

w(2& -4.. + l k-4 w") =r
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2

but since w = 2f and r is known to be 45 Hz,

1) x 26,500 ~ (rf

c f2 x 32.2 - 2 x (27f) 2

32.22

= 49.9 .50 lb/ft-Sec.

Performing the same calculation for data supplied by the manufacturer,
where f is 75 Hz and W = 3.2 lb,

c 30.7 lb/ft-sec.

With the coefficient of friction determined, eq. 1 may now be used
to determine the force applied to the piston as a function of frequency.

These calculations were performed and resulted in the curves shown
in Figure 2Qc.

A much nore important parameter than force is energy, since this is
actually what is required todrive the stake. The general equation fOr

horsepower isl x v in the case of reciprocating motion, the instantaneous
550

horsepower may he integrated over one time period T in order to find average
(or rms) hirsepower. Therefore,

TF sin (ft - 0) v cos wt
= 1] 550

v TFmax ma 1f

550 f sin (wt - cos wVt.7. 550 T
: 0

Wnen using the trigonometric identity, sine a cos 5 = sin (a + 8) +
-- sin (a 3 S), then:

v V T

HP x 50X T J sin (wt - + wt) + sin (-)

- max-max ([rt - ) + sin (-.) fdt]
2 x 550 T T

0



FV
max ni.: - o 3 (P t. - + 1 sin (- ) C 'T
2 x 550 T 2w T/"

Or, by the trigonometric identity cos (x - y) = cos x cos y + sin x sin y,

hq a<max 1 2.1
2 MaX I -X (cos 2-.-t cos + sin 2wt sin - sin ()

and, putting in limits,

F v
HP Max[ - (cs - os 2w cos ¢ - sin 2VT sin ¢)

2 x 550 2wt

-i sn 0 (0 -T

But, T - (i e., 27f = w or f T = therefore,w " 2, T = .w heeoe

S=:max 'n;(s.--- i coo sin 2w sin + sin
2 550 2w 2

ince = 1 "and siZ hiT = ,

xM X - cos Cos ) + sin

5~ 7 ( ) I r~ im

X 2 x55 5
/~I x~)u'1

• ,qti 'n-ws that not only afre the force and velocity of the. n!on

[mn rtant, bu'. the sine the :has. anrle between them is e qual .y imnort-%nt.
T: 'the energy av-ilable to drive the ;-take is plotted a' a function of "re-
ouenoy, the curves of Figure 20' result. The curves show that the most enerr-
,s availabI.e at. the re:3onan; frequency, and therefore this is the ooin where
the stake driver should be operated.

All Ithe data ,used t,: construct the curves are shown- in Tables T , 71.

Other pcint, which can be made from this analy,'is of the data are-

t. The h>:Th ;t resonant frrau.ncv Cor HSD-R IT i; j function of hVaraulik
,nr&r~u~, .iston ani load, etc., and was found to be under 100 Hz. Theei'ore,
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?A OLEI' I. Me bs~ur'mi DTht.. I'rnm lI D-h rTI Be neh Pe:;t

K = 26,800 = 50 lb/ft-seCe

W = 9 b f 45
r

Peak-to-

Pe ak Displ. F v

Disp!-ac.e- rms rms

ment (in.) (f,l (lb) (0) ft/sec H?

4o 0.4 3 8 12.9 x -3 200.5 53.9 3.24 0.95

45 0,395 11.6 x 1o- 3 .  171.9 72.5 3.39 1.01

50 0.350 10.3 x 10- 3  162.0 87.1 3.24 0.

C, ~-3.7
75 0.201 5.2 x 10 250.1 33.7 2.78 0.7r

100 0.11-5 h.27 x 10 381.1 20.6 2.70

125 0.094 2.77 x 10-  417.7 15.1 2.18 O.h3

i50 0.050 1.47 x 10 332.8 12.0 i.39 0.1-

17C 0.C29 0.85 x 10-3  268.5 10.0 0.94 0.08

200 0.025 0.74 x 10-  310.3 8.6 0.93 0.08

25 o0.0248 0.73 x 10-  391.6 7.6 1.03 0.10

250 0.021.5 0.72 x 10-' 480.6 6.7 1.13 0.12

27 0.02 h  0.71 x 10-  574.6 6.i 1.22 0,1-

300 0.0235 0.69 x l0 670.C 5.6 1.30 0.15
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TABLE TI. Manufacturer's Data from HSD-R II Bench Tczt

K = 26,800 c = 30.7,lb/ft-sec

W = 3.2 lb f-= 75

Peak-to-
Peak Displ F v
Displace- rms rIms irms

f ment (in.) (ft) (lb) (0) ft/sec HP

25 0.500 14.7 x 10 - 3  364.9 11.2 2.31 0.30

-3
50 0.357, 10.52 x 10-  205.5 29.6 3.30 o.61

75 0.257 7.57 x 10 - 3  115.2 71.9 3.57 0.71

100 0.,180 5.30 x 10- 3  121.6 57.2 3.33 0.62

125 0.122 3.60 x 1O- 3  151.5 34.9 2.83 0.45

150 0.089 2.62 x 10 - 3  178.0 25.2 2.47 0.34

175 0.072 2.12 x 10 - 3  210.4 19.9 2.33 0.30

200 0.058 1.71 x 10-3  232.1 16.5 2.15 0.26

225 0.049 1.4 x i0 - 3  255.2 14.2 2.03 0.23

' 50 0.414 1.30 x 10- 3  290.8 12.4 2.04 0.23

'b4 1 121 x 1-3 19
275 o.'O1l 1.21 x 10 332.8 11.1 1.93 0.23

300 0.040 1.18 x 10 391.0 10.0 2.22 0.28

4o



the valve to control frequency shouad have its best resolution -ald control
at frequencies from about 125 Hz down to around 25 Hz in order to provide
best performance.

2. The best method of driving a stake is tb establish and hold a
resonanT condition. This is most readily accomplished by loosely counling
the riston to the stake so that the piston is allowed to vibrate at its
own natural frequency and couple energy, into the stake by impact. Tf the
stake is ripidly coupled to the ,)iston, then the friction between the
stake and the ground becomes part of the coefficient of friction in the
equations and tends to force the system out of resonance as the stake
starts to nenetrate. A so, once the friction forces between stake and
-ground become high, the-effect is the same as if the mass had been increased
by the weight of the soil, which again will cause the system to go out of
resonance.

3. The "load" deter.ines the energy drawn from the system. Therefore,
increasini' the, energy available (such as increasing line nressure or using
a larger horsepower engine), does not increase or improve performance. If
,reater energy out is desired, the "load" must be increased by increasin,
the mass of the ni4ston. This increased mass lowers the resonant frecuency
untii uItimazely in is so low as to be iuncontrollable (a hydraulic fluid
with a larer, "string constant" k would partially compensate for this effect
The fnre, oinr statements are demonstrated by the curves in Figure 20c ,h cr
more energ-; is available when the system is operated at 1000 zmi from a
5-nn electric motor and with a 9-lb piston than when it is onerated at 175
osi wi7h a c-hn gasoli-ne engine hut with only a 3.2-lb piston.

measured data curves show "dins" in ounnut at about 175 nz.
ne. e low po.ntz are ass.ed to be caused by a hydraulic re.onance in the

syst em. 7hese "dips" do not show u- in the manufacturer's cur-ves. Ho-,;,ver,
no z;i-:.uIacernent data were taken by the manufacturer at around 175 Hz;
ther['or:, "his curve would be expected to be much smoother. 7n any case,
175 .is well above the resonant frequency and is of little practical
interes. .

DISCUSSION

From thi,: limited te: and evaluation of the tools, it may be concd:
t. h .a t : . 321( )o . .llistic Hammer and the iihtweil'ht Varuzen . - .
.r.- no- "idequate fl. th. driving of GP-112/G or lar,.er stakes into hard

"ro.en :.'nd. IT was found that the Pion,,ar B-50 and the A' las Corco r o- .,n
beak.er-roc drls were effective .n drivinr, G?-112/G stakes nto ,sat'.,,tec
,ilt and Ottawa snnd frozen at -20'C. The Power Siedge Electric Breaker al.cn
ar, peared to be more than capable of drivin,- .P-112/G stakes into frozen "
s'rut further evaluation is necessary in order to verif:, this.
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The hydraulic stake driver-retre v-r was foiund capable of riot only
drivinr[ but retrie.,ing GP-112/0 stakes from frozen -oil. The evaluiation
of this ftirst-generation tool revealed that certain design chan:ets should
be incorporated into a second-generation tool. These changes would
specify asn even lighter tool weight of 40 lb versus h8 lb as at present, a
lower frequency range of 20 to 150 Hz versus 20 to 300 Hz as at present,
a double tip amplitude of 0.2 in. at 100 Hz and 0.15 in. at 150 Hz, a
piston weight of 5 lb versus 3.2 Ib now and a more positive control system
for varying the frequency of the zool. These changes should markedly
improve stake driving performance. These design changes are only of a
prelinminar-y nature and are subject to further review and state-of-the-art
nonsiderations.

in short, as a result of this exploratory program, the military can
be made aware of commercial tools that are readily available and that can
be used to drive OP-l12/G stakes into hard frozen ground. Further testing
would determine the size range of military stakes that these tools could
be exnected to drive. In addition, a first-generation hydraulic stake
driver-retriever has been developed that can both drive and retrieve GP-
112/0 stakes from frozen ground. Further development of this tool will
result in a lighter, more -compact and more powerful unit.

?he first-generation hydraulic stake driver-retriever was also found
canabi- of extracting core from frozen soil, lake bottom sediments and
ice. However, proterly designed core barrels are needed to improve the
qualiy aof the core obtained.
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